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(54) Total air temperature probe having improved delcing heater error performance 



(57) A total airtemperature probe for measuring total 
air temperature includes a head (1 1 0) having an airflow 
inlet ( 1 30), a main airflow exit (1 40). and a flow separation 
bend (270) positioned between the airflow inlet and the 



main airflow exit. A plurality of bleed holes (275) are in 
the flow separation bend. A bleed port air exit (150) is 
coupled to the plurality of bleed holes. The head geom- 
etry is configured to provide enhanced delcing heater 
error (DHE) perfonnance. 
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Description 

BACKGROUND 

[0001] The present invention relates to total air tern- s 
perature (TAT) probes or sensors. More particularly, the 
present invention relates to improving deicing heater er- 
ror (DHE) perfomnance in TAT probes. 
[0002] Modem jet powered aircraft require very accu- 
rate measurement of outside air temperature (OAT) for 
inputs to the air data computer, engine thrust manage- 
ment computer, and other airborne systems. For these 
aircraft types, their associated flight conditions, and the 
use of total air temperature probes in general, air tem- 
perature is better defined by the following four tempera- '5 
tures: (1) Static air temperature (SAT) or (Tg), (2) total 
air temperature (TAT) or (T^), (3) recovery temperature 
(Tr), and (4) measured temperature (T^,). Static air tem- 
perature (SAT) or (Tg) is the temperature of the undis- 
turbed air through which the aircraft is about to fly. Total 20 
air temperature (TAT) or (T^) is the maximum air temper- 
ature that can be attained by 100% conversion of the 
kinetic energy of the flight. The measurement of TAT is 
derived from the recovery temperature (T^), which is the 
adiabatic value of local air temperature on each portion 25 
of the aircraft surface due to incomplete recovery of the 
kinetic energy. Temperature (T^) is in turn obtained from 
the measured temperature (T,^), which Is the actual tem- 
perature as measured, and which differs from recovery 
temperature because of heat transfer effects due to im- 30 
posed environments. For measuring the TAT, TAT 
probes are well known in the art. 
[0003] Conventional TAT probes, although often re- 
markably efficient as a TAT sensor, sometimes face the 
difficulty of working in Icing conditions. During flight in 35 
Icing conditions, water droplets, and/or ice crystals, are 
ingested into the TAT probe where, under moderate to 
severe conditions, they can accrete around the opening 
of the internal sensing element. An ice ridge can grow 
and eventually break free - clogging the sensor tempo- ^0 
rarlly and causing an error in the TAT reading. To address 
this problem, conventional TAT probes have incorporat- 
ed an elbow, or bend, to inertlally separate these particles 
from the airflow before they reach the sensing element. 
[0004] Another phenomena which presents difficulties ^5 
to some conventional TAT probe designs has to do with 
the problem of boundary layer separation, or "spillage", 
at low mass flows. Flow separation creates two problems 
for the accurate measurement of TAT. The first has to 
do with turbulence and the creation of irrecoverable loss- so 
es that reduce the measured value of TAT. The second 
is tied to the necessity of having to heat the probe In order 
to prevent ice formation during icing conditions. Anti-icing 
performance is facilitated by heater elements embedded 
in the housing walls. Unfortunately, external heating also 55 
heats the internal boundary layers of air which, if not prop- 
erly controlled, provide an extraneous heat source in the 
measurement of TAT. This type of error, commonly re- 



ferred to as DHE (Deicing Heater Error), is difficult to 
correct for. Commonly, in TAT probes, the Inertial flow 
separation bend described above has vent, or bleed, 
holes distributed along its inner surface. The holes are 
vented, through a bleed port air exit, to a pressure equal 
to roughly that of the static atmospheric pressure outside 
of the TAT probe. In this manner, a favorable pressure 
difference is created which removes a portion of the 
boundary layer through the bleed holes, and pins the 
remaining boundary layer against the elbow's Inner wall. 
[0005] In certain situations, the differential pressure 
across the bleed holes can drop to zero due to the higher 
flow velocity along the elbow's inner radius. This stagna- 
tion of flow through the bleed holes creates a loss in 
boundary layercontrol. The resulting perturbation, if large 
enough, can cause the boundary layer to separate from 
the inner surface and make contact with the sensing el- 
ement. Because the housing walls are heated, so is the 
boundary layer. Hence, any contamination of the main 
airflow by the heated boundary layer will result in a cor- 
responding error in the TAT measurement. In general, it 
is difficult to prevent the stagnation of some of the bleed 
holes. Thus, DHE is difficult to prevent or reduce. 

SUMMARY 

[0006] This Summary is provided to introduce a selec- 
tion of concepts in a simplified fomn that are further de- 
scribed below in the Detailed Description. This Summary 
is not intended to identify key features or essential fea- 
tures of the claimed subject matter, nor is it intended to 
be used as an aid in detennining the scope of the claimed 
subject matter. 

[0007] A total air temperature (TAT) probe for meas- 
uring total air temperature includes a head having an 
airflow inlet, a main airflow exit, and a flow separation 
bend positioned between the airflow inlet and the main 
airflow exit. A plurality of bleed holes are in the flow sep- 
aration bend. A bleed port air exit is coupled to the plu- 
rality of bleed holes. The bleed port air exit has a perim- 
eter shape with a curved front end. In some embodi- 
ments, other head features provide or contribute to im- 
proved deicing heater performance (DHE) of the TAT 
probe. For example, in some embodiments, the head has c 
a maximum width at a position which Is reanA^ard (toward 
the main airflow exit) of the airflow inlet. Also, In some 
embodiments, the head has a non-planar bottom exterior 
edge or surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] 

FIGS. 1 -1 and 1 -2 are diagrammatic side view illus- 
trations of total air temperature (TAT) probes in ac- 
cordance with some embodiments of the invention. 
FIG. 2-1 Is a diagrammatic side view illustration of a 
prior art TAT probe embodiment. 
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FIG. 2-2 is a diagrammatic side view illustration of a 
TAT probe embodiment in accordance with FIGS. 
1-1 and 1-2. 

FIG. 3 is a diagrammatic perspective view of TAT 
probes of the present Invention mounted to aircraft s 
surfaces. 

FIGS. 4-1 and 4-2 are diagrammatic end view illus- 
trations comparing features of a prior art TAT probe 
head and aTAT probe head in accordance with some 
embodiments of the invention. 
FIGS. 5-1 and 5-2 are diagrammatic side view Illus- 
trations comparing features of a prior art TAT probe 
head and a TAT probe head in accordance with some 
embodiments of the invention. 
FIGS. 6-1 through 6-4 are diagrammatic illustrations 
of bleed port air exit perimeter shapes. 
FIGS. 7-1 and 7-2 are plots illustrating TAT meas- 
urement error improvement. 

DETAILED DESCRIPTION 

[0009] FIG. 1 -1 is a diagrammatic side view illustration 
of a total air temperature (TAT) probe 100-1 embodiment 
in accordance with the present invention. TAT probe 
100-1 includes a head 110 supported by a strut 120-1 . 
Head 110 has an airflow inlet 130 and a main airflow exit 
or exit channel 1 40. Airflow enters airflow inlet 1 30, which 
is also referred to as an inlet scoop, moving in a direction 
relative to probe 1 00-1 , the direction for example as rep- 
resented by arrow 131. Typically, TAT probe 100-1, 
which in operation is mounted to an aircraft surface 160, 
Is moving in a direction which has a component opposite 
to the direction of arrow 131 . A portion of the airflow en- 
tering airflow inlet 130 will exit through main airflow exit 
1 40. Another portion of the airflow entering inlet 1 30 wilt 
be diverted into a sensor flow passage 280 (shown in 
FIG. 2-2). 

[0010] As shown in FIG. 2-2. a flow separation bend 
or elbow 270 in head 1 10 is positioned between airflow 
inlet 130 and main airflow exit 140 in order to divert the 
portion of the airflow into sensor flow passage 280. A 
TAT sensor 285 is positioned in sensor flow passage 280 
for purposes of measuring the TAT in a manner as is 
generally known in the art. As can be seen in FIG. 2-2, 
sensor flow passage 280 is fonned in strut 120 (for ex- 
ample strut 120-1 shown in FIG. 1-1 or 120-2 shown in 
FIG. 1-2). 

[0011] As can also be seen in FIG. 2-2, flow separation 
bend 270 includes multiple bleed holes 275 extending 
from the various airflow channels or passages into a 
bleed exit port 150. Bleed exit port 150 formed in head 
1 1 0 extends laterally between sidewalts of the head in a 
direction which is substantially or approximately perpen- 
dicular to a direction of airflow 131 entering inlet 130, or 
to a direction of airflow between inlet 1 30 and main airflow 
exit 140. As will be described below in greater detail, 
head 110 includes features which have been found to 
improve deicing heater error (DHE) performance. Some 



of the features of the disclosed embodiments relate to 
shapes and dimension relationships of head 1 10, while 
others relate to shapes of bleed port air exit 150. 
[001 2] Referring back to FIG. 1 -2, shown is a diagram- 
matic side view illustration of a second TAT probe 1 00-2 
embodiment in accordance with the present Invention. 
Probe 100-2 differs from probe 100-1 primarily with ref- 
erence to the shape of strut 1 20-2 relative to strut 1 20-1 . 
Probe 100-2 shown in FIG. 1-2 is included for purposes 
of emphasizing that the particular shape or size of strut 
120-2 does not limit the scope of the present invention. 
In the remainder of the application, instead of referring 
to TAT probe embodiments 1 00-1 or 1 00-2, a more gen- 
eral reference to TAT probe embodiments 100 is made. 
Reference to TAT probe 1 00 is intended to encompass 
both of embodiments 100-1 and 100-2, as well as other 
embodiments. Likewise, instead of referring to struts 
120-1 and 120-2, in remaining discussions of TAT probe 
embodiments, a generic reference to strut 120 is made. 
This generic reference to strut 120 encompasses strut 
embodiment 120-1, strut embodiment 120-2, as well as 
other strut embodiments. 

[0013] For reference purposes, FIG. 2-1 provides a di- 
agrammatic cross sectional illustration of a conventional 
TAT probe 200. Similar to TAT probe 100, TAT probe 
200 includes a head 21 0 supported by a strut 225. The 
head includes an airflow inlet 215, a main airflow exit 
220, and a flow separation bend 230 positioned between 
the airflow inlet and the main airflow exit TAT probe 200 
also includes a sensor flow passage 235 fonned in strut 
225, bleed holes 240 and a bleed exit port 250. As was 
the case with TAT probe 100, flow separation bend 230 
diverts a portion of the airflow into sensor flow passage 
235. Bleed holes 240 vent a portion of the heated bound- 
ary layerto laterally extending bleed port exit 250 in order 
to reduce DHE. Probe 200 differs from probe 1 00 in sev- 
eral aspects. For example, head 210 of probe 200 has a 
different shape than head 110 of probe 100. Also, the 
perimeter shape of bleed port air exit 250 of probe 200 
differs from that of the perimeter shape of bleed port air 
exit 150 of probe 100. These feature differences, alone 
or in combination, have been found to provide improved 
DHE perfomnance. 

[0014] FIG. 3 is a diagrammatic perspective view of a 
portion of an aircraft 300 on which TAT probe 1 00 can 
be mounted. FIG. 3 illustrates various surfaces on which 
TAT probe 100 can be mounted, and therefore various 
surfaces which correspond to surface 160 shown in 
FIGS. 1-1 and 1-2. The specific locations at which TAT 
probe 100 is shown mounted in FIG. 3 are provided for 
illustrative purposes only, and are not intended to desig- 
nate exact mounting locations in any particular use of 
TAT probe 1 00. As shown in FIG. 3, aircraft 300 includes 
a fuselage 305 and an aircraft engine 310. While TAT 
probe 100 can be positioned or mounted on other sur- 
faces of aircraft 300, in this particular embodiment, TAT 
probes are shown mounted to the skin of fuselage 305 
and to surface 31 5 of engine 31 0. Forthe engine mounted 
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TAT probe, surface 315 forms part of the inlet portion of 
engine 310, upstream of fan blades 320. Other aircraft 
engine surfaces can also be used. To reiterate, the 
present invention is not limited to TAT probes mounted 
to surfaces of aircraft engines or to any particular fuse- 5 
lage location, but instead applies more generally to TAT 
probes mounted to any aircraft surfaces for purposes of 
measuring TAT. 

[001 5] Referring now to FIGS. 4-1 and 4-2, shown are 
a conventional TAT probe head 210 and a TAT probe 

head 1 10 in accordance with the present invention, re- 
spectively. FIGS. 4-1 and 4-2 are diagrammatic top or 
end views of heads 21 0 and 1 1 0. From these views, the 
respective struts of the TAT probes would be beneath 
the heads. As can be seen in FIG. 4-1 , in convention TAT 
probe 21 0, the inlet 21 5 is the widest portion of the head. 
After the inlet 215, the width of head 210 tapers back to 
main airflow exit 220. 

[0016] In contrast, as shown in FIG. 4-2, head 1 10 of 
TAT probe 100 is not widest at inlet 130, but is instead 
widest at a position reanward (relative to inlet 130 in the 
direction of airflow) of the Inlet. Inaparticularembodiment 
illustrated in FIG. 4-2, inlet 130 has a width represented 
by arrow 430, while main airflow exit 140 has a width 
represented by anrow 450. Opposing sidewalls 422 and 
424 extend f roni the respective sides of the head between 
airflow inlet 130 and main airflow exit 140. Although not 
shown in FIG. 4-2, bleed port air exit 1 50 extends through 
head 110 between sidewalls 422 and 424. In a middle 
portion 420 of head 1 1 0, which is reanward of airflow inlet 
130 (toward main airflow exit 1 40), the head has a width 
represented by arrow 440. This width 440 represents a 
maximum width of head 1 1 0 between sidewalls 422 and 
424. The maximum width 440 is greater than the width 
440 at inlet 130. 

[001 7] Referring now to FIGS. 5-1 and 5-2, respective- 
ly shown are diagrammatic side view illustrations of other 
features of head 1 1 0 in embodiments of TAT probe 1 00 
relative to conventionally shaped TAT probe heads 21 0. 
As shown in FIG. 5-1 , conventionally, head 210 of a TAT 
probe has a laterally extending bleed port air exit 250 
which has a teardrop perimeter shape. The teardrop pe- 
rimeter shape has a pointed edge 51 0 at the end closest 
to the airttow inlet 21 5. Head 21 0 also has a substantially 
flat or planar bottom exterior edge or surface 515 extend- 
ing between airflow inlet 215 and main airflow exit 220. 
[0018] In contrast, head 110 of TAT probe 100 has 
both an improved bleed port air exit perimeter shape, and 
an improved bottom exterior edge or surface shape. As 
will be described below in greater detail with reference 
to FIGS. 6-1 through 6-4, bleed port air exit 150 of head 
110 has a perimeter shape with a curved front end 520. 
Cun/ed front end 520 is the end closest to airflow inlet 
130. Contrast curved front end portion 520 of bleed port 
air exit 150 with the sharp comer 510 of bleed port air 
exit 250 of conventional TAT probe head 210. 
[0019] Also, in head 110 of TAT probe 100, bottom 
exterior edge or surface 529 of the head is not substan- 



tially flat or planar. Instead, bottom exterior edge or sur- 
face 529 bows downward between airflow inlet 130 and 
main airflow exit 140. In one example embodiment, bot- 
tom exterior edge or surface 529 is lowest in an area 
adjacent to bleed port air exit 150, and includes several 
non-parallel exterior edge or surface segments. For ex- 
ample, exterior edge or surface segment 527 extends 
from airflow inlet 130 downward toward a middle portion 
of bottom exterior edge or surface 529, while exterior 
edge or surface segment 525 extends upwards from the 
middle portion toward main airflow exit 140. 
[0020] Referring now to FIGS. 6-1 through 6-4, shown 
are diagrammatic illustrations of perimeters shapes of 
various bleed port air exit 150 embodiments in accord- 
ance with the present invention. As shown in FIG. 6-1, 
in a general embodiment 1 50-1 of the bleed port air exit 
perimeter shape, a front end 605 (corresponding to front 
end 520 shown in 5-2) is curved. Whilef ront end orportion 
605 is curved in various embodiments, other portions of 
bleed port air exit 150-1 can also be curved, though this 
need not be the case in all embodiments. In bleed port 
air exit embodiment 150-1, the perimeter shape is con- 
tinuously curved in a substantially egg or oval shape. An 
egg shape, also referred to as an oval or ovoid shape, is 
any curve resembling a cross-section of an egg. These 
shapes can include egg shapes such as shown in bleed 
port air exit embodirrients 150-1 and 150-2 shown in 
FIGS. 6-1 and 6-2 in which the perimeter shape is a com- 
bination of substantially half of an elliptical shape (rep- 
resented by portion 61 5) and half of a circularshape (rep- 
resented by portion 610). In other embodiments, other 
oval or ovoid (i.e., egg) shapes can be used as well. For 
example, FIG. 6-3 illustrates an embodiment 150-3 of a 
bleed port air exit perimeter shape which is an elliptical 
curve. Similarly, FIG. 6-4 illustrates an embodiment 
150-4 of a bleed port air exit perimeter shape which is 
circular. 

[0021] In embodiments in which the perimeter shape 
of the bleed port air exit is an oval or ovoid shape, a 
number of characteristic features can be used to describe 
most embodiments. For example, some such embodi- 
ments are differentiable (smooth-looking), simple (not 
self-intersecting), closed, plane, curves. Also, in such 
embodiments, the shape can have at least one axis of 
symmetry. For example, as shown in FIG. 6-2, the oval 
or egg shape embodiment 1 50-2 has an axis of symmetry 
620. It is important to note that other examples of oval 
shapes can also be used. Further, it is not necessary in 
all embodiments that the perimeter shape be completely 
oval or egg shaped. For example, it is not necessary in 
all embodiments that the perimeter shape be continuous- 
ly curved around its entire perimeter. Likewise, it is not 
necessary that the perimeter shape have an axis of sym- 
metry. Instead, other shapes having a curved front end 
605 can also be used. Substantially oval or egg shaped 
perimeters can be used. These embodiments can be 
curved around the perimeter, but may be slightly asym- 
metric. These oval or egg looking shapes are considered 



15 



20 



25 



30 



35 



40 



45 



50 



4 



10/17/07, EAST 



Version: 2.1.0.14 



7 



EP 1 764 593 A2 



8 



the main airflow exit, tlie maximum width being great- 
er than the first width. 

5. A total air temperature probe for measuring total air 
5 temperature, the probe comprising: 

a head having an airflow inlet, a main airflow 
exit, and a flow separation bend positioned be- 
tween the airflow inlet and the main airflow exit, 

10 the flow separation bend having a plurality of 

bleed holes, wherein the head has a first width 
at the airflow inlet, and a maximum width rear- 
ward of the airflow inlet toward the main airflow 
exit, the maximum width being greater than the 

15 first width; 

a strut coupled to and supporting the head; 
a sensor flow passage formed in the strut; and 
a total air temperature sensor positioned in the 
sensor flow passage. 

20 

6. The total air temperature probe of claim 2 or claim 
5, wherein the head has a non-planar bottom exterior 
edge extending between the airflow inlet and the 
main airflow exit. 

25 

7. The total air temperature probe of claim 2 or claim 
5, wherein the head has a non-planar bottom exterior 
surface extending between the airflow inlet and the 
main airflow exit. 

30 

8. The total air temperature probe of claim 5, and further 
comprising a bleed port air exit fomned in the head 
and coupled to the plurality of bleed holes, the bleed 
port air exit extending laterally between first and sec- 

35 ond sidewalls of the head. 

9. The total air temperature probe of claim 8, wherein 
the bleed port air exit has a perimeter shape with a 
curved front end, the curved front end being a closest 

<o portion of the perimeter shape relative to the airflow 
inlet. 



to be substantially oval or egg shaped. Examples include 
elliptical type shapes with curved ends and substantially 
straight sides, but which are slightly asymmetric. 
[0022] Referring now to FIGS. 7-1 and 7-2, shown are 
plots of TAT measurement en'or as a function of angle 
of attack (AOA) /sideslip for both TAT probe 100 having 
head 110 (FIG. 7-1) and for a conventional TAT probe 
having a conventional head (FIG. 7-2). As can be seen 
by comparing the plots of FIGS. 7-1 and 7-2, the DHE 
has been found to be significantly less when using a TAT 
probe having head 1 1 0 with features as described above" 
in accordance with embodiments of the present inven- 
tion. Reducing DHE improves TAT probe perfomnance 
In icing conditions. 

[0023] Although the subject matterhas been described 
in language specific to structural features and/or meth- 
odological acts, it is to be understood that the subject 
matter defined in the appended claims is not necessarily 
limited to the specific features or acts described above. 
Rather, the specific features and acts described above 
are disclosed as example fonns of implementing the 
claims. 



Claims 

1 . A total air temperature probe for measuring total air 
temperature, the probe comprising: 

a head having an airflow inlet, a main airflow 
exit, and a flow separation bend positioned be- 
tween the airflow inlet and the main airflow exit, 
the flow separation bend having a plurality of 
bleed holes; and 

a bleed port air exit coupled to the plurality of 
bleed holes, the bleed port air exit having a pe- 
rimeter shape with a curved front end, the curved 
front end being a closest portion of the perimeter 
shape relative to the airflow inlet. 

2. The total air temperature probe of claim 1 , wherein 
the bleed port air exit is formed in the head and ex- 
tends laterally between first and second sidewalls of 
the head in a direction which is substantially perpen- 
dicular to a direction between the airflow inlet and 
the main airflow exit. 

3. The total airtemperature probe of claim 2, andfurther 

comprising: 

a strut coupled to and supporting the head; 
a sensor flow passage fomfied in the strut; and 
a total air temperature sensor positioned In the 
sensor flow passage. 

4. The total air temperature probe of claim 2, wherein 
the head has a first width at the airflow inlet, and a 
maximum width reanA/ard of the airflow inlet toward 



10. The total airtemperature probe of claim 1 or claim 
9, wherein the perimeter of the bleed port air exit has 

45 a substantially oval shape. 

1 1 . The total airtemperature probe of claim 1 0, wherein 
the substantially oval shape is a substantially egg 
shape. 

50 

1 2. The total air temperature probe of claim 1 0, wherein 
the substantially oval shape is a substantially ellipti- 
cal shape. 

55 13, The total airtemperature probe of claim 10, wherein 
the substantially oval shape is a substantially circular 
shape. 
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14. An air vehicle comprising the total air temperature 
probe of any previous claim. 
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TAT Measurement Error vs AOA/Sideslip, new style head 
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TAT Measurement Error vs. AOA/Sideslip, conventional head 
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